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The acanthocephalan parasite Sphacrechinorhynchus romndocapitams occupies the rec- 
tum and large intestine of the riparian Australian snake, Pseudechis porphyriacns, Eggs 
are released into water to be consumed by an aquatic arthropod (intermediate host) which 
in turn is captured by the eastern water skink, En/amprus quoyii (transport host). The 
parasite adopts a resting, encysted stage in both hosts until the lizard falls prey to the snake. 
Pseudechis porphyriacus exhibits a relatively high Irequency of infection but E. quoyii 
comprises only 2% of prey items. Aquatic prey also represent only a small proportion of 
the diet of E. quoyii. Unlike all other acanthocephalans so far examined, there is no evidence 
that the parasite alters intermediate host behaviour or physiology to increase the chance of 
capture by the next host in the life cycle. Rather, the operation of the food web appears to 
provide sufficient momentum to transfer the parasite from one stage to the next, provided 
both the hosts and the parasite are long lived. Transfer mechanisms involving parasite 
mediated alterations in host behaviour can be termed ‘active’ while those which do not 
significantly affect a host are termed ‘passive’. The advantages of passive transfer 
mechanisms are discussed. [] Parasite, lizard, snake, invertebrate, Acanthocephala, life 
cycle, passive transport, mathematical model. 
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Almost all parasites with multistage lifecycles 
often rely for transmission on the predation of 
their intermediate host by their final host. How- 
ever, usually only a small proportion of inter- 
mediate hosts (infected or otherwise) are 
cuptured by predators. Thus, sometimes natural 
sclection influences parasites to alter inter- 
mediate host behaviour to inerease the chance of 
cupture by the final host. Many such parasites 
produce extreme and often spectacular altera- 
tions in intermediate host behaviour to move the 
prey into the feeding niche of the final host 
and/or deerease the frequeney of predation by 
other inappropriate carnivores (c.g. Holmes, 
1976; Moore, 1984). Holmes (1976) suggested 
that if the final host is an efficient predator, the 
strategy of the parasite should be to make the 
prey more conspicuous, and when the predator 
is inefficient the parasite should make the prey 
more conspicuous and casier to catch. In both 
cases the parasite may cither institute novel be- 
haviour patterns or simply elicit pre-existing 
host behaviours under inappropriate conditions 
(Moore, 1984), 

In cases where the parasite interacts with, and 


influences, host behaviour to promote transmis- 
sion, the methods employed can be termed 
‘active’, Mechanisms whereby parasites 
promote their own transmission without in- 
fluencing host behaviour or physiology can be 
termed ‘passive’. Thus, increasing parasite lon- 
gevity and reproductive output may ‘passively’ 
promote transmission by increasing the number 
of infective individuals which can contact hosts. 
Digeneans amplify their numbers in inter- 
mediate hosts by producing cereariae highly 
adapted for transmission. Active interactions be- 
tween parasites and their hosts have received 
considerable attention recently from bce- 
havioural, physiological, evolutionary and 
genetic viewpoints (Holmes and Bethel, 1972; 
Bethel und Holmes, 1973,1974,1977; Clarke, 
1979; Smith-Trail, 1980; Brassard et al. 1982; 
Rand et al. 1983, Schall, 1983) as well as in 
studies of population dynamics (Holmes, 1982). 
However, this study will show: (1) the impor- 
tance ol passive forces in influencing a parasite 
life cycle; (2) present a simple model to illustrate 
how selection can act on passive mechanisms to 
inereuse the probability of parasite transmission 
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from one host to the next; (3) present an cxample 
where an apparently active interaction between 
a parasite and its host in fact represents a method 
of passive transmission; (4) discuss the ad- 
vantages and disadvantages of active and passive 
transmission techniques. 

The system examined involves an acan- 
thocephalan parasite of a snake. The parasite has 
two sequential intermediate hosts: an aquatic 
invertebrate and a riparian lizard. Because I 
have been unable to identify the invertebrate host 
and in order to test the ‘worst case scenario’, | 
will ignore any possible differences between the 
first and second intermediate hosts in the acan- 
thocephalan life cycle. Behavioural changes in 
the first intermediate host are well documented 
but are relatively uncommon in the second host, 
possibly because parasites are usually associated 
with the first host for a longer period. However, 
in this system it will be demonstrated that while 
behavioural transformations in a host may im- 
prove the probability of transmission, such chan- 
ges are not necessary for the successful 
establishment of the parasitic life cycle. 


MATERIALS AND METHODS 


This study applies aspects of the ecology ofthe 
acanthocephalan parasite Sphaerechinor- 
hynchus rotundocapitatus, the eastern water 
skink Eulamprus quoyii and the red-bellied 
black snake Pseudechis porphyriacus to asimple 
probability model to test whether the parasite is 
utilising active or passive transfer mechanisms. 
More complex ecological and physiological 
studies of these animals are documented else- 
where (Shine 1975; Daniels, 1984; Daniels and 
Simbotwe, 1984) and only the salient charac- 
teristics will be present here. 


Sphaerechinorhynchus rotundocapitatus 


Sphaerechinorhynchus belongs to the order 
Palaeacanthocephala and contains two species 
both of which probably utilise snakes as final 
hosts (Schmidt and Kunz, 1966; Morris and 
Crompton, 1982). Palaeacanthocephala occupy 
the intestine of aquatic or semiaquatic ver- 
tebrates and their intermediate hosts are usually 
aquatic crustaceans, especially ostracods, am- 
phipods or isopods (Crompton, 1970, 1975; 
Morris and Crompton, 1982). Palaecacan- 
thocephalans sometimes utilise a second inter- 
mediate host, often a vertebrate (Morris and 
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Crompton, 1982). The second intermediate host 
of S. rotundocapitatus is the Australian skink 
Eulamprus quoyii which consumes infected in- 
termediate hosts (currently unknown) and the 
lizards in turn are eaten by the final host (Daniels 
and Simbotwe, 1984). 

The fully embryonated eggs of S. rotun- 
docapitatus measure 0.07-0.09 x 0.025mm. 
These are released into water in the faeces of the 
snake, and are immediately infective and retain 
their infectivity for many months (Johnston and 
Deland, 1929a,b; Crompton, 1970, 1975). In 
most acanthocephalan life cycles the eggs are 
consumed by the correct arthropod host, hatch in 
the gut and the larval stage (acanthor) burrows 
through the intestinal wall to reach the 
haemocoel. The acanthor then develops into an 
acanthella and encysts. The encapsulated acan- 
thella is termed a cystacanth (Crompton, 
1970,1975). Most of the cystacanths so far ex- 
amined alter intermediate host behaviour which 
increase the likelihood of consumption by the 
final host (Holmes, 1976; Moore, 1984). 

Infected arthropods are consumed by £. 
quoyii. The cystacanths hatch and the acanthel- 
lae again burrow into the peritoneum and encyst. 
Thirty four percent of 53 E. quoyii contained 
worms (X = 2.0, S.D. = 2.2, range 1-8), which 
measured up to 26mm long (Daniels and Sim- 
botwe, 1984). Cystacanths were removed from 
the peritoneal wall, liver, outer gut wall, and 
sperm ducts. These can survive in the lizard for 
at least 6 months (Daniels and Simbotwe, 1984). 
Only 8% of juvenile E. quoyii were infected 
compared to 41.5% of adults (Daniels and Sim- 
botwe, 1984). A few cystacanths have been 
recovered from other species of small lizard but 
not, to date, from frogs (Johnston, 1911, 1913; 
Johnston and Deland, 1929a; Daniels and Sim- 
botwe, 1984). 

Infected E£. quoyii exhibited a mean voluntary 
diving time of nearly 8 minutes, while uninfected 
ones dived for an average of 4.5 minutes 
(Daniels, 1985a). Altering the voluntary diving 
time of E. quoyii may represent an active strategy 
promoting parasite transport because the red bel- 
lied black snake forages underwater and thus 
contacts more infected E. quoyii (Gilbert, 1935; 
Fleay, 1937; Shine, 1975). Twenty three percent 
of 22 P. porphyriacus contained adult S. rotun- 
docapitatus in their rectum and lower large in- 
testine (X = 2.3; §.D. = 2.3; range 1-7). Female 
worms measured up to 37mm while males ex- 
hibited a maximum length of 23mm (Johnston 
and Deland, 1929b). 


PARASITES IN REPTILES 


Eulamprus quoyii 


The eastern water skink, Eulampras quoyii, 1s 
a common inhabilant of creck banks in caster 
Australia (Veron and Heatwole, 1970; Speller- 
berg, 1972; Daniels, 1984). This lizard is ter- 
ritorial and intraspecifically aggressive (Done 
and Heatwole, 1977) often existing in dense 
populations. Inthe New England region of north- 
em New South Wales, E. quoyit is active from 
September to May, and hibernates during the 
winter (Veron 1968, 1969b). Water skinks are 
viviparous, mate in October and the young are 
born in January/February (Veron, 1969b). 
Haichlings are 35mm SVL (snout to vent length) 
and occupy fossorial habitats until they reach 
55-80mm SVL. The juveniles then emerge and 
occupy suboptimal habitats, which are more ex- 
posed regions often some distance from water. 
Adults measure 80-110mm SVL and prefer 
rocky regions near expanses of water. Water 
skinks become sexually mature in their third year 
and live for 6-10 years (Veron, 1968, 1969b: 
Daniels, 1984). 

Water skinks consume at least 25 taxa of prey 
including insects, worms, frogs, crustaceans, 
mammals, spiders, myriapods, snails, lizards and 
fish (Veron 1968, 1969a; Daniels, 1987). Ap- 
proximately 25% of prey taxa are aquatic 
(Daniels, 1987). Of the aquatic prey items, the 
possible intermediate hosts of 8S, rotun- 
docapitatus could be; Coleoptra (7.1% of the 
prey of E. quoyii), Hemiptera (2.9%), Odonata 
(3.8%), Plecoptera (2.2%), Crustacea (2.2%), 
Gastropoda (0.7%) or perhaps Anura (0.9% of 
prey taken by water skinks). Thus, whatever the 
immediate host, it must comprise less than 7% 
of the prey items of the transport hosts, A more 
realistic estimate is probably 1-2%. The most 
important prey items for Æ. quoyii are terrestrial 
Coleoptra (15% of prey) and ants which vary 
from 2% to 95% of the prey consumed depend- 
ing on the season (Veron, 1969a; Daniels, 1957), 

Water skinks can avoid predators by practising 
tail autotomy, with 49% of 110 New England 
lizards possessing regenerated tails (Daniels, 
1985b), These lizards also exhibit a diverse 
range of escape tactics. Of 698 lizards chased by 
me around streams in New England, 32% es- 
caped by swimming across open water lo cover 
(tocks or reeds), 5% dived to the botiom of ponds 
and remained submerged and motionless for at 
least 2 minutes, while 61% ran fo cover and 2% 
remained motionless (Daniels, 1984; Daniels 
and Heatwole, 1990). 


Pseudechts porphyriacus 


The red-bellied black snake Pseudechis por- 
phyrtacus is a large riparian elapid common in 
stream habitats in eastern Australia. In New 
England the snake is active from September to 
May with 5-8 young barn alive in 
January/February (Shine, 1975, 1978). Hate- 
hlings measure 24cm SVL and reach sexual 
maturity in their third year (Shine. 1978). Large 
snakes are 150¢m SVL and at Jeast 10 years old 
(Shine, 1975, 1978; Daniels, 1984). Red-bellied 
black snakes consume 34 types of prey including 
lizards, frogs, mammals, snakes and fist. Inver- 
tebrates are almost non-existent dietary items 
(Shine, 1977), Frogs comprise 82,4% of prey 
with Linnodynastes tasmaniensis the most com- 
mon (16.9%), Water skinks are only 2% of the 
prey of P. porphyriacus (Shine, 1977). P, por- 
phyriacus is an active forager and can capture 
prey on land or in water. The snakes will swim 
underwater for considerable periods in search of 
tadpoles, fish and other animals hiding amongst 
litter on the pend bottom (Gilber, 1935; Fleay, 
1937), 


RESULTS AND DISCUSSION 


If intermediate hosts comprise less than 7% of 
the diet of E. quovit but 34% of E. quoyii are 
infected with cysts of S. rotundocaptratus and if 
E, gueyli comprise 2% of the diet of P. por- 
phyriacus but 23% of P. porphyriacus are in- 
fected, Ihen how can infection occur? One 
alternative is for the parasite to employ an active 
transfer mechanism, Some aspects of the be- 
haviour of the transport hast indicate this pos- 
sibility, Parasitised lizards possessed much 
longer voluntary diving times than unparasitised 
ones and may be more likely to be captured by 
P. porphyriacus foraging underwater (Daniels 
and Simbotwe, 1984). Hawever, it is unlikely 
that the parasite is exerting an active effect on 
the behaviour or physiology of E. quoyii, for a 
number of reasons. Firstly, an enhanced volun- 
tary diving time may not necessarily indicate an 
increased tendency to use diving as the 
predominant escape method. Moreover, lizards 
rarely dived, with only 5% of individuals diving 
to avoid me (Daniels, 1984). Secondly, neither 
body mass nor swimming stamina were affected 
by parasitism (Daniels, 1985a). If the parasite 
exerted some physiological, behavioural or me- 
tabolic effect on the lizard to promote diving, it 
is surprising that the other parameters remained 


unatfected. Swimming was the predominant 
aquatic escape tactic employed by E. quay and 
therefore seems a much more suitable 
mechanism for the parasite to exploit. Acan- 
thocephalans alter the swimming behaviour of 
many invertebrate intermediate hosts (Holmes 
and Bethel, 1972; Bethel and Holmes, 1973, 
1974, 1977). Parasites also often interfere with 
the Stamina of many vertebrate hosts (Rau and 
Caron, 1979), Aberrant swimming behaviour 
may still confer protection from many terrestrial 
predators while reducing the ability of the lizard 
to escupe from P. perphyriacus, Diving is so 
infrequently practised that even if all the divers 
1 observed were parasilised they represent a 
barely significant proportion of the total popula- 
tion, In addition, if 5% of the lizard population 
were divers and all Were pafasitised, then 85% 
of the parasitised individuals did not dive, 
Thirdly, if $. rotundocapitatus actively in- 
fluences diving, which increases the likelihood 
of infected lizards being consumed by the snake, 
(hen the proportion of the dict of P. perphyriacus 
comprised of parasitised lizards must increase 
Irom ihat predicted by random collection, i.c. 
from 34% of all E. quoyii captured, to a muxi- 


mum of 100% of the water skink component of 


the snake dict. However, infected lizards can 
only increase from 0,68% to 2% of the dietary 
items of red-bellied black snakes. The snakes Jo 
most of their foraging on land, collecting frogs 
and lizards from holes or undercover on the 
stream banks (Shine, 1975, 1977). Comparative- 
ly few of the prey species of the snake are com- 
pletely aquatic (Shine, 1977), Hence any 
parasitic alterations to skink behaviour which 
promote water ulilisation miy neither increase 
nor decrease the likelihood of consumption by 
the snake. 

However, some selective advantages for an 
active strategy can still exist if the increased 
ulilisajion of aquatic escape tactics cunters 
protection from all predators excepi M- por- 
phyriacas. This does not appear likely. Water 
skinks in the New England region wre potential 
prey items for 101 species of predator (Danicls 
and Heatwale, 1984). Fifty species are known tu 
consume fizards afd include mammals. birds, 
reptiles, fish and invertebrates, An additional $1 
species have been reporied to capture other 
similar sized vertebrates, OF the total 101 poten- 
lial predalors, 27.7% are most likely to capture 
E guuvn only in water, 11.9% van capture 
lizards on land or in water, 54.5% are purely 
terrestrial predators while 5.9% of predators are 
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fossorial (Daniels and Heatwole, 1984). Thus the 
use of water as an escape medium still exposes 
E. quovit to attack from 39 predatory species, 
several of which are as important, if not more so, 
than P. porphyriacus (e.g. kingfishers and 
herons). 

It seems unlikely therefore that S. rofun- 
docapitaius is using active mechanisms to 
promote ihe consumption of the transport host by 
the final host. The only behavioural aberration 
so far observed in infected lizards is unlikely to 
alfest capture frequency, particularly as the 
lizards are so rarely eaten by snakes. In addition, 
as a Consequence of any active changes, natural 
selection may promote host resistance either to 
the parasite or to the behavioural change. There 
is always the risk that (he response of the host 
may outweigh any advantage of the changed 
behaviour, to the detriment of the parasite. All 
my examinations to date have failed lo isolate the 
intermediate host, However, itis possible thatthe 
parasite docs. not employ any active transfer 
mechanisms in thal host either or that employing 
active transport mechanisms may nol be neces- 
sary. I do not know that the parasite affects the 
first host inthe same manner asthe second, Many 
other acanthocephalans influence the behaviour 
of (he first host but are benign in the second. 
However it is reasonable to hypothesise that 
passive Strategics are the primitive ones from 
which time and natural selection develop more 
active methods in some species. As | wish to 
examine the primitive “worst case” situation | 
will assume thal inthis system transition through 
the first host is also passive. 

Holmes (1976) observed that onee ty an inicr- 
mediate host the normal operation of the food 
web will greatly enhance the probabilities of 
renching some potential final host, In the case ol 
5. refundocapitatus, itis possible (hat the opera- 
tion of the food web will passively support 
parasite transfer and enable the establishment of 
a viable parasite population, provided both the 
hosts and the worms are long lived, Utilising the 
knowledge of the ecology of the two vertebrate 
hosts and the parasite, it is possible to calculate 
the time required for a parasite population io 
become established. Assume an infected 1 por- 
phyriaeus enters a riparian hubitat previously 
free of the acanthocephalan, Then S$. rotin- 
docapiaius eggs became abundant and can 
retain their infectivity for very long periods until 
consumed by the intermediate host, Assuming 
that the abundance of eges result in the very rapid 
infection ofa substantial proportion of the inter- 
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mediate host population then there are two cru- 
cial periods in the parasite lifecycte. Firstly, the 
infection of 34% of the E. quoyii with cys- 
tacanths and then the infection of 239% of the P.. 
porphyriacus. 

To calculate the time for the passive transfer 
of the parasite from the intermediate host to the 
lizard, six assumptions are made: (1) As aquatic 
prey comprise 1-7% of prey items, we assume 
1% of food items are the intermediate hosts; (2) 
33% of intermediate hosts are infected; (3) 
Lizards eat every day; (4) Lizards cat iwo types 
of prey/day; (5) Lizards are active 6 
months/year; (6) 20% of cystacanths hatch inthe 
lizard und survive to again form a cystacanth. 
The predicted proportion of infected arthropods 
is unsubstantiated because the intermediate host 
is unknown. However, the proportion is similar 
to the levels of infection observed in the other 
hosts, Both Daniels (1984, 1987) and Veron 
(19692) observed virtually all Æ. quoyii to con- 
tain fresh prey, Halfof Veron’s lizards contained 
prey from more than five taxa while most of mine 
had more than two prey items. The value af 20% 
of cystacanth viability is an estimate, probably 
un underestimate. About 20% of cystacanths 
removed from E. quoyii and fed to P. por- 
phyriacus developed into adults (Daniels, pers. 
obs.). Thus the time for 34% of E. quoyii to 
become infected with S. rofunducapitatus: 

= (% of prey inlected)s(% of prey in 
diet)x(nu, prey tems/day )x(% ol lizards 
infected)x(viability of cystacanths) 

= (100/33)x(t00/ 1 x(1/2)x(34/100)x 
(100/20) 

= 2S8 days or approximately one year 

Because lizards are only active 6 manths/year, 
it takes about 1.5-2 years for 34% of E. quoyii to 
become infected. 

To calculate the time for 23% of P. por- 
phyriacus to become infected it is necessary lo 
make five assumptions; (1) Snakes eat one prey 
item at a time: (2) Snakes cat once every three 
days; (3) 34% of E. quoyii contain cystacanths; 
(4) 20% of cystacanths exsheath and survive to 
reproduce in P., porphyriacus;, (S) Snakes are 
active 6 months/year, A third of 22 P. par- 
phyrtacus | examined had prey in their stomachs, 
although Shine observed that a greater percent- 
age of his snakes had fed tecently (Shine, 1977), 
[usually found one prey item/snake although the 
average in Shines’ was nearly three (Shine, 
1977). P. porphyriacus probably feed mare often 
than assumed here, Thus the time for 23% nf 2. 
porphyriacus to becorne infected is: 
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= (no. of prey eaten/fecd)s(fregtency ot 
ealing)x(% of snakes infected) 
(viability at cystscunths)x(% of lizards 
infected) 

= (1)x(3)8(100/2)x(23/ 100) x(100/20)x 
(100/34) 

= 507 days 

Snakes ure active for only half of the year so it 
takes approximately 3 years for 23% ol the snake 
pupulation to become infected. The total time for 
a parasite population to become established in all 
hosts is therefore 5-6 years, well within the 
lifespan of bath the lizard and ihe snake, the 
more sO considering the Conservative nature of 
the calculations. 

However, can the parasites maintain their 
numbers in two reptilian hosts in (he face of 
natural mortality and the short activity period? 
Assuming lizards live 6 years then 17% of the 
population die each year. On third of thal, or 6% 
of the total lizard papulation die containing 
parasites. (This is probably an overestimate be- 
cause during any year, most mortality within the 
E. quoyii population occurs amongst the 
juveniles, which are not parasitised (Veron, 
1969a; Daniels, 1984). Thus, to maintain the 
population stability S, rotundocapitatus must in- 
tect 6% ol the uninfected lizards/year; 

= (% of prey in diet)x(% of prey in- 
fected)x(prey items esten/day) x(% of 
lizards infected)x(viabilily of cys- 
tucanths) 

= (100/1)8¢ 100/33 )x(1/2)x(6/100) 
x( 100/20) 

= 45 days 

But 28% of the surviving population is already 
infected. Thus, the time for infection: 

= 45x c. 125/t00 
= 36 days or approximately 2 months 

Similarly if snakes tive 10 years then the 
population turnover is 10%/ycar with ap- 
proximately 2.5% of the population dying while 
containing parasites (again an overestimate be- 
cause the greatest mortality occurs amongst 
juveniles which arc relatively unparasitised 
(Shine, 1978; Daniels, 1984). Therefore, for 
population stability, approximately 2.5% of the 
uninfected snakes must collect a parasite/yeur. 
Thus the time for infection: 

= (% of prey in dict)x(prey calen al a 
lume)x(nu. days between feeding)x(%- 
of snakes intected)x(viability of cys- 
lacunihs)x(% of lizards infected) 

= (1U0/2)x(1)x(3)s (2.57 100)x( 100/20) 
x( 100/34) 
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= 55 days 

However, 20% of the surviving population is 
already infected. Therefore the tine for infec- 
tion: 

= 55x120/100 
= 66 days or approximately 2 months 

Hence it takes approximately 4 months for the 
parasite to replace individuals lost when their 
hosts die. Four months is well within the yearly 
activity period of the reptiles, the more so con- 
sidcring the conservative nature of the calcula- 
tions. 

This study supports the hypothesis that the 
operation of the food web will passively 
transport the parasite from one stage in its life 
cycle to the next. The timc predicted is probably 
an overestimate. However, as acanthocephalans 
have separate sexes, it is crucial for at least 2 
worms to reach each snake. The numbcr of cys- 
tacanths per lizard is not important. The conser- 
vative basis within the calculations provides 
excess time which may be important for allow- 
ing extra parasites to infect hosts. Moreover, the 
grcat longevity of P. porphyriacus may compen- 
sate for the low rate of consumption of E. quoyii 
and cnable populations of S. rotundocapitatus to 
become established in each infected snake. 

Perhaps the most convincing evidence for the 
utilised of the passive transfer mechanism invol- 
ves the very low numbers of parasite/host. It is 
possible that the low numbers of parasites per 
host represent a truncated negative binomial dis- 
tribution because host mortality may be as- 
sociated with increasing intcnsity of infection. 
However, no pathological effects wcrc obscrved 
in either host, even in the skink with 8 parasites 
(Daniels and Simbotwe, 1984). Other animals 
appear to be capable of supporting large numbers 
of acanthocephalans without discernible effect 
(Holmes, 1982). Hence, parasites practising pas- 
sive strategies rely on time and the laws of prob- 
ability to promote infection. As each infection is 
an independent event, then the structure of the 
parasite population should be characterised by 
many infected hosts containing relatively few 
individuals. The distribution of S. rotun- 
docapitatus in both E. quoyii and P. por- 
phyriacus clearly falls into the passive type. 

Parasites can increased the probability of 
transfer and promote the success of the passive 
mechanism in three ways. Firstly, by prolonging 
the survival time and viability of the eggs, cys- 
tacanths and adults. In some acanthoccphalan 
species the eggs retain their infectivity for more 
than 3 years (Crompton, 1975) while acanthellae 
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at least 6 months old have been removed from 
cystacanths in £. quoyii (Daniels and Simbotwe, 
1984). Longevity is crucial because of the slow 
rate of transfer between hosts. However, a 
prolonged survival time is especially important 
for cystacanths and adult worms because of the 
long hibernation periods of their hosts. Host 
hibernation results in long periods of food un- 
availability for adult S. rotundocapitatus and 
reduces mating opportunities because of the 
dclay in the ratc of acquisition of morc parasites. 

Hibernation also affects reproduction because 
it Stops the rclease of eggs into the correct aquatic 
habitats. Adult worms must either live a long 
time and be capable of producing large numbers 
of eggs or live a short time and produce very 
large numbcrs of long lived eggs in order to 
maximise reproductive output and compensate 
for the high attrition rate in this type of life cycle. 

It is also crucial for cystacanths to be capable 
of cxsheathing, transferring and establishing 
themselves in the next host when the opportunity 
arises. The value of 20% used in my calculations 
may be unrealistically low. A doubling of this 
percentage incurs a major rcduction in the time 
necessary to establish a parasite population. Cys- 
tacanth viability is probably the most important 
variable in the population dynamics of the 
parasite because it is the most malleable. 
Without a high cystacanth viability it is unlikely 
that enough cystacanths would reach the final 
host in time to develop into adults, mate and 
maintain egg production. 

Secondly, the passive transfer mechanism 
could be promotcd if the parasite was not specific 
to one intermediate or transport host. In situa- 
tions where both the transport host and the final 
host consume a wide range of prey items all at a 
low frequency, parasites will transfer more 
rapidly from one host to the next by using many 
host specics rather than by increasing the level 
of infection within one spccific host. Therefore, 
cystacanths should tolerate a relatively broad 
range of physiological conditions in order to 
survive in many different types of host. Cys- 
tacanths of S. rotundocapitatus have been ex- 
tracted from two other small skinks, Hemiergis 
decresiensis and Lampropholis guichenoti but in 
both cases the level of infection was less than 6% 
(Daniels and Simbotwe, 1984). Undescribed 
acanthocephalan cystacanths have also been ex- 
tracted from other snakes and lizards (Johnston 
and Deland, 1929a). However, somewhat 
surprisingly, cystacanths have not been collected 
from frogs. From a transfer viewpoint, frogs 
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would be better transport hosts than lizards be- 
cause they are more important dietary items for 
P. porphyriacus. However, its appears either that 
S. rotundocapitatus cystacanths cannot survive 
in other animals, or the consumption of infected 
E. quoyii is sufficient to maintain the parasite 
population. 

The third mechanism available to $. rotun- 
docapitatus to promote the passive transfer 
mechanism involves exploiting behavioural 
variability within the host population. The 
presence of parasites in water skinks with ex- 
tended voluntary diving times may refleet such 
an exploitation. The tendency to dive may vary 
greatly between animals within a population. 
Long dives might be characteristic of lizards 
which use the water most frequently as an escape 
medium and also as a food souree. These more 
aquatic lizards may be more likely to feed at the 
waters’ edge, capture aquatic prey and thus be- 
come infected with S. rotundocapitatus. When 
attacked, the more aquatic lizards may exhibit a 
greater tendency to swim or dive, conferring a 
degree of protection from terrestrial predators 
but not from P. porphyriacus (Daniels, 1985a). 
Thus the parasite can exploit a polytheism within 
the host population to increase the chance of 
reaching the final host. The presence of S. rotun- 
docapitatus correlatcs with, rather than causes, a 
behavioural or physiological difference and is 
therefore less likely to stimulate host resistance. 

Active transfer mechanisms can be disad- 
vantageous when the intermediate host repre- 
sents a small proportion of the diet of the final 
host, the final host consumes a wide varicty of 
prey and the intermediate host is a prey item for 
a large range of different predators. This type of 
food web is common in Australian ecosystems 
and specialist systems involving one predator 
and one prey are rare (although there are a num- 
ber of vertebrates which specialise on ants or 
termites). The relative absence of simple food 
webs, especially amongst the vertebrates may be 
a result of the low vertebrate biomass. It may be 
impossible for one carnivore to specialise on 
one, or a few, prey species because the densities 
of the latter are too low. The optimal transport 
Strategies for parasites in diffuse and complex 
food webs are often passive rather than active, 
provided reproductive output remains high 
enough to compensate for the attrition. 
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